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DEEP  TRENCH  ETCHING  OF  SINGLE  CRYSTAL  SILICON 

TECHNICAL  FIELD 

The  p resen t   I n v e n t i o n   1s  d i r e c t e d   to  plasma  e t ch ing   s i l i c o n   to  p r o -  

duce  advanced  m i c r o e l e c t r o n i c   dev ice   s t r u c t u r e s   for  megabi t   chip  t e c h -  

nology.  More  s p e c i f i c a l l y ,   the  p r e s e n t   Inven t ion   1s  d i r e c t e d   to  t h e  

plasma  e tch ing   of  deep  t r e n c h e s   1n  s i n g l e   c r y s t a l   s i l i c o n   to  p e r f o r m  

device  I s o l a t i o n   f u n c t i o n ,   bur ied   c a p a c i t o r   f u n c t i o n   and  a d d i t i o n a l  

c i r c u i t r y   placement   f u n c t i o n   1n  s i l i c o n   based  m i c r o e l e c t r o n i c   c i r c u i t r y .  

BACKGROUND  OF  THE  PRIOR  ART 

With  the  development   of  s i l i c o n   s u b s t r a t e   mounted  m i c r o e l e c t r o n i c  

c i r c u i t r y   of  g r e a t e r   d e t a i l   and  d e n s i t y ,   t r a d i t i o n a l   wet  e t c h i n g   o f  

e l e c t r o n i c   c i r c u i t   p a t t e r n s   has  become  i n s u f f i c i e n t   for  high  speed,   h i g h  

p r e c i s i o n ,   low  cos t ,   component  and  c i r c u i t r y   f a b r i c a t i o n .   This  d r a w -  

back  of  p rev ious   modes  for  f a b r i c a t i n g   m i c r o c i r c u i t r y   has  led  to  t h e  

advent  of  dry  chemical  e t c h i n g .   S p e c i f i c a l l y ,   the  advent   of  p l a sma  

e tching  with  var ious   gaseous  e t c h a n t s   has  come  to  the  f o r e f r o n t   i n  

m i c r o e l e c t r o n i c   c i r c u i t r y   f a b r i c a t i o n .  

T y p i c a l l y ,   dry  plasma  e t c h i n g   has  been  u t i l i z e d   to  produce  c i r c u i t  

p a t t e r n s   through  p h o t o r e s i s t   m a t e r i a l s   on  p o l y s l l i c o n   or  s i n g l e   c r y s t a l  

s i l i c o n ,   as  well  as  va r ious   doped  s i l i c o n   s u b s t r a t e s .   These  c i r c u i t  

p a t t e r n s   r equ i re   only  a  sha l low  e t c h i n g   into  the  s u b s t r a t e   to  p r o v i d e  

s u f f i c i e n t   p a t t e r n s   for  a p p r o p r i a t e   c i r c u i t   pe r fo rmance .   T y p i c a l l y ,   e t c h  

depths  in  s u b s t r a t e s   for  c i r c u i t   p a t t e r n i n g   are  ob ta ined   at  a  maximum 

depth  of  0.30  microns .   The  s u b s t r a t e ,   during  the  e t ch ing   p r o c e s s ,   i s  

t y p i c a l l y   ove r l a id   with  an  a p e r t u r e d   mask  p rov id ing   the  c i r c u i t   p a t t e r n  

wherein  the  mask  has  a  t y p i c a l   depth  of  1.0  microns .   Because  of  t h e  

r e l a t i v e l y   shallow  depth  of  the  etch  necessa ry   for  c i r c u i t   p a t t e r n   f a b -  

r i c a t i o n ,   the  d i f f e r e n t i a l   s e l e c t i v i t y   of  the  mask  and  the  s u b s t r a t e   t o  

the  e t chan t   does  not  have  to  be  s i g n i f i c a n t l y   high.  However,  with  t h e  

advent  of  very  dense  packed  c i r c u i t r y   and  goals  for  i n c r e a s i n g l y   s m a l l e r  

l ine  width  of  the  p a t t e r n e d   c i r c u i t ,   i t   has  become  neces sa ry   to  l o c a t e  
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c i r c u i t   p a t t e r n s   and  components  In  a  much  more  c l o s e l y   packed  a r ray   and  

to  crowd  more  and  more  c i r c u i t s   and  components   on  a  given  su r f ace   area  o f  

s i l i c o n   s u b s t r a t e .   These  advances   in  r a 1 c r o d r c u 1 t r y   lead  to  new  p a t t e r n -  

ing  r e q u i r e m e n t s   such  as  the  deep  t r e n c h . .   These  r e q u i r e m e n t s   have  p l a c e d  

a  need  on  the  f a b r i c a t i o n   i n d u s t r y   to  p r o v i d e   h i g h l y   a c c u r a t e   a n i s o t r o p i c  

e t c h i n g   which  enjoys  high  s e l e c t i v i t y   and  high  e t c h i n g   r a t e s .  

In  U.S.  Pa ten t   4 , 4 7 3 , 4 3 5 ,   a  mode  for   a n i s o t r o p i c   e t c h i n g   of  p o l y -  

s i l i c o n   with  p h o t o r e s i s t   mask  1s  d i s c l o s e d   where in   s u l f u r   h e x a f l u o r l d e  

and  v a r i o u s   h a l o f l u o r o c a r b o n s   are  the  p r e f e r r e d   plasma  e t c h a n t s .   It  1s 

a l so   I d e n t i f i e d   t h a t   n i t r o g e n   t r l f l u o r l d e   can  be  u t i l i z e d   with  v a r i o u s  

h a l o f l u o r o c a r b o n s   to  p rov ide   the  a n i s o t r o p i c   e tch   medium.  The  etch  d e p t h  

in  t h i s   p a t e n t e d   p rocess   1s  c l e a r l y   shown  in  F igu re s   6  through  14  to  be  

a p p r o x i m a t e l y   0.3  mic rons .   The  etch  depth  1s  not  1n  the  range  of  deep  

t r ench   e t c h i n g   given  the  known  t h i c k n e s s e s   of  po lymer ic   p h o t o r e s i s t   t h a t  

can  be  a p p l i e d   to  s i l i c o n   s u b s t r a t e s .  

Trench  e t ch ing   has  been  a d d r e s s e d   in  the  p r i o r   a r t   1n  the  a r t i c l e ,  

" A n i s o t r o p i c   Etching  of  S i l i c o n   Using  SF6  With  C2ClFg  and  O t h e r  

Mixed  H a l o c a r b o n s " ,   by  James  P.  H c V i t t l e   and  Car los   Gonzolez,   w h e r e i n  

the  a r t i c l e   d e s c r i b e s   the  use  of  s u l f u r   h e x a f l u o r l d e   and  va r ious   h a l o -  

f l u o r o c a r b o n s   to  etch  deep  grooves  1n  s i n g l e   c r y s t a l   s i l i c o n   using  a 

p h o t o r e s i s t   mask.  The  t r e n c h e s   t h a t   were  e t ched   1n  the  HcVi t t l e   work  had 

a  v e r t i c a l   depth  of  from  0 .5 -10   m i c r o n s .   The  etch  p r o f i l e   was  found  t o  

occur  with  reduced  unde rcu t   us ing  e t c h a n t   c o m p o s i t i o n s   only  1n  t h e  

p r e s e n c e   of  r e s i s t .   F u r t h e r ,   H c V i t t l e   I d e n t i f i e s   t h a t   some  mask  u n d e r -  

c u t t i n g   occur red   as  I d e n t i f i e d   at  page  561  of  t h a t   a r t i c l e .   H c V i t t l e ,   e t  

a l .   has  used  the  p r e f e r r e d   embodiment  of  U.S.  Pa t en t   4 ,473 ,435   and,  a s  

shown  on  pages  566  and  567,  has  not  been  able   to  etch  deep  t r enches   I n t o  

s i n g l e   c r y s t a l   s i l i c o n   w i thou t   u n d e r c u t   and  bow.  The  bow  1s  o b j e c t i o n -  

able  for  device   p lacement   a p p l i c a t i o n s   and  is  p r e s e n t   even  under  t h e  

H c V i t t l e ,   et  a l . ' s   opt imal   c o n d i t i o n s .  

The  problems  of  dry  e t c h i n g   and  t h e i r   c a p a b i l i t i e s   have  been  i d e n -  

t i f i e d   in  the  p r io r   a r t   such  as  the  a r t i c l e   "Loading  E f f ec t   and  Temper-  

a t u r e   Dependence  of  Etch  Rate  of  S i l i c o n   H a t e r l a l s   In  CF4  Plasma"  by 

Tatsuya   Enomoto,  a p p e a r i n g   in  Sol id   S t a t e   Technology  of  April   1980 ,  

page  117,  wherein  the  e f f e c t s   of  carbon  t e t r a f   l u o r i d e   plasma  e t ch ing   o f  
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s i n g l e   c r y s t a l   s i l i c o n   and  p o l y s l U c o n   s u b s t r a t e s   1s  I d e n t i f i e d .   Enomoto 

d i s c l o s e s   tha t   p o l y s i l i c o n   is  e tched  more  qu ick ly   than  s ing le   c r y s t a l  

s i l i c o n   for  a  given  exposure   a r ea .   In  a d d i t i o n ,   Mr.  Enomoto  d i s c l o s e s  

the  phys i ca l   phenomena  o c c u r r i n g   1n  plasma  e t ch ing   wherein  u n d e r c u t t i n g  

occurs   under  the  a p e r t u r e d   mask  of  the  s i l i c o n   s u b s t r a t e   being  f a b r i c a t e d .  

The  p r io r   a r t   r e c i t e d   above  has  I d e n t i f i e d   va r ious   t e c h n i q u e s   f o r  

t y p i c a l   e l e c t r o n i c   c i r c u i t   p a t t e r n   e t ch ing   which  is  done  t y p i c a l l y   a t  

depths  of  less  than  0.30  m i c r o n s .   The  I n i t i a l   d e s c r i p t i o n s   of  a n i s o -  

t r o p i c   dry  plasma  e t c h i n g   have  a l so   been  d i s c l o s e d ,   as  well  as  s u g g e s -  

t i ons   for  deep  t r ench   e t c h i n g   wherein   the  problems  of  a n i s o t r o p y   and  e t c h  

ra te   have  been  i d e n t i f i e d .   However,  the  problems  of  complete  a n i s o t r o p y ,  

p r e c i s i o n ,   f a s t   e t ch ing   and  economical   f a b r i c a t i o n   of  deep  t r e n c h e s   h a v e  

not  been  r e so lved   by  the  p r i o r   a r t .   The  p resen t   I nven t i on   overcomes  

these   problems  for  high  speed,   economica l ,   a n i s o t r o p i c ,   deep  t r e n c h  

e t ch ing   wi thout   p r o f i l e   bowing  or  mask  u n d e r c u t .  

BRIEF  SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   I n v e n t i o n   1s  a  p rocess   for  high  speed,  a n l s o t r o p i c a l l y ,  

r e a c t i v e   ion  mode  plasma  e t c h i n g   of  s i n g l e   c r y s t a l   s i l i c o n   through  an 

a p e r t u r e d   mask  to  produce  a  deep  t r ench   with  e s s e n t i a l l y   v e r t i c a l   s i d e -  

wal ls   compris ing   the  s teps   of  p r o v i d i n g   the  s ing le   c r y s t a l   s i l i c o n   s u b -  

s t r a t e   with  an  a p e r t u r e d   mask  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

s i l i c o n   d iox ide   and  s i l i c o n   n i t r i d e ,   exposing  said  s u b s t r a t e   to  an  a t m o -  

sphere  of  n i t r o g e n   t r l f l u o r l d e   (NFg)  and  a  halof  l uo roca rbon   compound 

(HFC)  c o n t a i n i n g   only  one  carbon   atom  in  a  r a t i o   of  1-2  NFgd-3   HFC  1n 

an  e t ch ing   zone,  and  g e n e r a t i n g   a  plasma  with  the  a tmosphere  and  a n l s o -  

t r o p i c a l l y   r e a c t i v e   1on  e t c h i n g   said  s u b s t r a t e   by  d i r e c t i n g   ions  f rom 

said  plasma  through  the  a p e r t u r e s   of  said  mask  Into  the  s ing le   c r y s t a l  

s i l i c o n   s u b s t r a t e ,   wherein  the  e t ch ing   is  performed  at  a  high  speed  1n 

the  range  of  at  l e a s t   0.1  microns   per  minute  using  a  power  of  500-2000  

wat ts   and  a  f requency   of  1-50  MHz  to  produce  a  deep  t rench  In  said  s u b -  

s t r a t e   having  a  v e r t i c a l   depth   1n  the  range  of  3-15  microns  and  e s s e n -  

t i a l l y   v e r t i c a l   s i d e w a l l s ,   e s s e n t i a l l y   no  u n d e r c u t t i n g   of  said  mask  and 

e s s e n t i a l l y   no  bowing  in  the  t r e n c h .  
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P r e f e r a b l y ,   the  p rocess   of  the  p r e s e n t   I n v e n t i o n   1s  p r a c t i c e d  

where in   the  h a l o f l u o r o c a r b o n   1s  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

CFgCl,  CF2C12,  CFgBr,  CFgl,  CF2Br2,  C F ^ ,   CFgClH  and  CClgFH. 
O p t i m a l l y ,   the  p rocess   of  the  p r e s e n t   I n v e n t i o n   u t i l i z e s   an  a t m o -  

sphere   compr i s ing   NFg  and  CFgCl .  
P r e f e r a b l y ,   the  p rocess   of  the  p r e s e n t   I n v e n t i o n   ma in t a ins   a  p r e s -  

sure  1n  the  e t c h i n g   zone  of  g r e a t e r   than  0.1  and  up  to  1.0  t o r r .  

O p t i m a l l y ,   the  p rocess   of  the  p r e s e n t   I n v e n t i o n   u t i l i z e s   an  a p e r -  

t u r ed   mask  of  s i l i c o n   d i o x i d e .  

P r e f e r a b l y ,   the  p rocess   of  the  p r e s e n t   I n v e n t i o n   u t i l i z e s   a  flow  o f  

the  e t c h a n t   a tmosphere   in  the  e t c h i n g   zone  1n  the  range  of  10-100  s t a n -  

dard  cubic   c e n t i m e t e r s   per  minute   (SCCH). 

P r e f e r a b l y ,   the  p rocess   of  the  p r e s e n t   i n v e n t i o n   u t i l i z e s   s p a c e d  

e l e c t r o d e s   in  the  etch  zone  which  are  m a i n t a i n e d   at  a  t e m p e r a t u r e   o f  

1 5 - 2 5 ° C .  

P r e f e r a b l y ,   the  p rocess   . « £ - t h e - p r - e s e n . t _ 1 n v e n t t o n - u t i l l z e s   a  d i l u e n t  

gas  s e l e c t e d   from  the  group  c o n s i s t i n g   of  a rgon ,   k r y p t o n ,   helium  and  n e o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG  1  is  a  schemat ic   f lowscheme  of  an  e t c h i n g   zone  wherein  t h e  

plasma  e t ch ing   compos i t ion   of  the  p r e s e n t   i n v e n t i o n   can  be  u t i l i z e d   t o  

produce  a  deep  t r e n c h   in  a  s i l i c o n   s u b s t r a t e .  

FIG  2  is  a  c r o s s - s e c t i o n a l   I l l u s t r a t i o n   of  an  etch  p a t t e r n   1n  t h e  

s i l i c o n   s u b s t r a t e   of  the  p r i o r   a r t   wherein  u n d e r c u t t i n g   of  the  mask  i s  

I l l u s t r a t e d ,   as  well  as  bowing  of  the  t r ench   i t s e l f .  

FIG  3  1s  a  c r o s s - s e c t i o n a l   i l l u s t r a t i o n   of  an  a p e r t u r e d   mask  on  a 

s i l i c o n   s u b s t r a t e   p r i o r   to  e t c h i n g .  

FIG  4  is  a  c r o s s - s e c t i o n a l   i l l u s t r a t i o n   of  a  deep  t rench  etch  by  t h e  

p roces s   of  the  p r e s e n t   i n v e n t i o n   using  a  s i l i c o n   d iox ide   ape r tu r ed   mask 

and  a  s i n g l e   c r y s t a l   s i l i c o n   s u b s t r a t e .  

FIG  5  is  a  graph  I l l u s t r a t i n g   the  h igher   etch  r a te   of  p o l y s l l i c o n  

versus   s i n g l e   c r y s t a l   s i l i c o n   using  the  known  e t c h i n g   gas  of  c a r b o n  

t e t r a f l u o r l d e .  

3 5  
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FIG  6  1s  a  c r o s s - s e c t i o n a l   pho tomic rograph   of  an  etch  using  the  e t c h  

medium  of  the  p r e s e n t   I n v e n t i o n   to  etch  s i n g l e   c r y s t a l   s i l i c o n   th rough   an 

a p e r t u r e d   p h o t o r e s i s t   m a s k .  

FIG  7  1s  a  c r o s s - s e c t i o n a l   pho tomic rograph   of  an  etch  using  the  e t c h  

medium  of  the  p r e s e n t   i n v e n t i o n   through  an  a p e r t u r e d   mask  of  s i l i c o n   d i -  

o x i d e .  

FIG  8  1s  a  c r o s s - s e c t i o n a l   pho tomicrograph   of  the  deep  t r ench   e t c h  

using  the  p rocess   of  the  p r e s e n t   I n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

At  many  p o i n t s   in  the  m a n u f a c t u r e   of  s e m i c o n d u c t o r   ch ips ,   a  s e m i -  

conduc tor   wafer  1s  e t ched   in  a  p a t t e r n   def ined   by  the  a p e r t u r e s   of  an  

o v e r l y i n g   mask.  Plasma  e t c h i n g   of  severa l   of  the  l a y e r s   of  th in   f i lms  on 
s emiconduc to r   wafers   is  used  as  a  more  e f f e c t i v e   a l t e r n a t i v e   to  w e t  

chemical  e t c h i n g .   The  s p e c i f i c   th in   f i lm  layer   d e p o s i t e d   or  grown  on  t h e  

semiconduc to r   wafer   to  be  plasma  etched  is  t y p i c a l l y   covered  -with  -an 

a p e r t u r e d   mask  and  p laced   in  a  gaseous  env i ronment .   The  gases  d i r e c t l y  

above  the  wafer  are  I o n i z e d   by  RF  energy  to  c r e a t e   a  plasma  and  ions  a r e  

a c c e l e r a t e d   out  of  the  plasma  to  Impact  the  s emiconduc to r   wafer .   E t c h i n g  

of  the  p o r t i o n s   of  the  t h i n   f i lm   exposed  through  the  mask  a p e r t u r e s   i s  

accompl i shed   as  a  f u n c t i o n   of  the  r e a c t i v i t y   of  the  s u b s t r a t e   m a t e r i a l ,  

the  impact  energy  of  the  bombarding  Ions,   and  the  chemical   a c t i v i t y   o f  

the  gaseous  e n v i r o n m e n t .  

The  a n i s o t r o p i c   e t c h i n g   of  s i l i c o n   1s  becoming  i n c r e a s i n g l y   I m p o r -  

t an t   as  device   s i z e s   s h r i n k .   Small  dimensions  are  making  etch  l o s ses   and 

etch  geome t r i e s   more  c r i t i c a l .   D i r e c t i o n a l   e t ch ing   of  s i n g l e   c r y s t a l   • 

s i l i c o n   with  t i g h t l y   c o n t r o l l e d   etch  p r o f i l e s   is  of  extreme  I m p o r t a n c e  

for  var ious   advanced  a p p l i c a t i o n s   such  as  c i r c u i t   I s o l a t i o n ,   c a p a c i t o r  

fo rmat ion   and  v e r t i c a l   component  " loca t ion   d i s t i n c t   from  component  l o c a -  

t ion  on  the  p r imary   s u r f a c e   of  the  second  s u b s t r a t e .   P r e v i o u s l y ,   t h e  

f a b r i c a t i o n   i n d u s t r y   has  per formed  a n i s o t r o p i c   e t ch ing   of  s i l i c o n   f o r  

deep  t r e n c h e s   us ing  c h l o r i n e - b a s e d   chemis t ry   and  c o n v e n t i o n a l   low  p r e s -  
sure  r e a c t i v e   Ion  e tch  modes.  However,  d i f f i c u l t i e s   have  a r i s e n   1n 

per forming   s i g n i f i c a n t l y   deep  t r ench   e tching   for  such  pu rposes .   The 

problem  p r e s e n t l y   f a c i n g   s e m i c o n d u c t o r   f a b r i c a t o r s   1s  to  produce  com- 



p l e t e l y   v e r t i c a l ,   a n i s o t r o p i c   wall  p r o f i l e s   using  plasma  a s s i s t e d   e t c h i n g  

where in   the  e t c h i n g   of  the  e l e c t r o n i c   m a t e r i a l s   v e r t i c a l l y   roust  be  done  

with  rap id   plasma  c h e m i s t r y   to  m a i n t a i n   high  t h r o u g h p u t   and  r e d u c e d  

m i c r o c h i p   c o s t s .   The  use  of  s p e c i f i c   e t c h a n t   mix tures   on  s p e c i f i c   s u b -  

s t r a t e s   using  s p e c i f i c   a p e r t u r e d   masks  for  the  deep  t r ench   p a t t e r n   h a s  

become  n e c e s s a r y   and  the  c o m b i n a t i o n   of  these  c r i t i c a l   f e a t u r e s   p r o v i d e s  

the  unique  o p p o r t u n i t y   to  overcome  the  problems  of  deep  t r ench   e t c h i n g  

with  h igh ly   r e p r o d u c i b l e   r e s u l t s   as  i d e n t i f i e d   by  the  process   of  t h e  

p r e s e n t   I n v e n t i o n .  

Various  h i g h l y   r e a c t i v e   f l u o r i n e - c o n t a i n i n g   e t c h a n t s   are  known  1n 

the  p r i o r   a r t   such  as  n i t r o g e n   t r l f l u o r l d e   and  s u l f u r   h e x a f l u o r l d e .  

However,  t he se   h igh ly   r e a c t i v e   e t c h a n t s   produce  high  speed  etch  r a t e s   1n 

i s o t r o p i c   f a s h i o n .   I s o t r o p i c   e t c h i n g   1s  def ined   as  e t ch ing   1n  a p p r o x -  

ima t e ly   equal  r a t e s   1n  a l l   d i r e c t i o n s .   The  r e s u l t   of  I s o t r o p i c   e t c h i n g  

Is  u n d e r c u t t i n g   and  bowing  of  etch  p a t t e r n s   under  the  a p e r t u r e   of  a  mask 

a p p l i e d   to  a  s u b s t r a t e .   The  r e s u l t   of  the  use  of  such  f l u o r i n e   compounds 

i n d i v i d u a l l y   is  i l l u s t r a t e d   In  FTG  2  wherein  u n d e r c u t t i n g   is  I d e n t i f i e d '  

in  which  the  p a t t e r n   cu ts   back  unde rnea th   the  mask  of  the  s i l i c o n   s u b -  

s t r a t e   and  bowing  in  the  - s i d e w a l l s   occurs   as  i d e n t i f i e d   between  t h e  

f u r t h e s t   h o r i z o n t a l   p e n e t r a t i o n   of  the  etch  and  the  l e a s t   p e n e t r a t i o n   o f  

the  etch  at  the  po in t   of  mask  s u b s t r a t e   I n t e r f a c e .  

A l t e r n a t i v e l y ,   a n i s o t r o p i c   e t c h i n g ,   t ha t   is  e t ch ing   wherein  the  e t c h  

occurs   In  only  one  d i r e c t i o n ,   p r e f e r a b l y   an  etch  d i r e c t l y   down  t h r o u g h  

the  a p e r t u r e   of  the  mask  formed  over  the  s i l i c o n   s u b s t r a t e ,   has  been  e x -  

p e r i e n c e d   with  ha lof   l u o r o c a r b o n   e t c h a n t s .   However,  the  h a l o f l u o r o c a r b o n  

e t c h a n t s   have  been  r e l a t i v e l y   slow  In  e tch ing   t y p i c a l   s i l i c o n   s u b s t r a t e s  

and  t h e r e f o r e   do  not  lend  t h e m s e l v e s   to  the  high  speed,  low  cost   f a b r i c a -  

t i on   r equ i r ed   in  p r e s e n t   day  economies  of  r a i c r o d r c u i t   and  s e m i c o n d u c t o r  

f a b r i c a t i o n .  

The  p r e s e n t   i n v e n t i o n   combines  the  use  of  n i t r o g e n   t r l f l u o r l d e   and  

h a l o f l u o r o c a r b o n s   to  a r r i v e   at  high  speed  e tch ing   with  a n i s o t r o p i c   e t c h  

p a t t e r n s   with  s u b s t a n t i a l l y   or  e s s e n t i a l l y   no  u n d e r c u t t i n g   or  bowing  1n 

the  etch  p a t t e r n   where in   the  h a l o f l u o r o c a r b o n   Is  t y p i c a l l y   s e l e c t e d   f r o m  

the  group  compr i s ing   CFgCl,  CF2C12,  CFgBr,  CF3I,  CF2Br2,  CF2I2,  CFgClH 
and  CC1»FH.  The  p r e f e r r e d   plasma  etch  combinat ion  c o n s t i t u t i n g   t h e  
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e t c h a n t   a tmosphere   1s  a  combinat ion   of  NF3  and  CFgCl.  The  p r e s e n t   I n -  

v e n t i o n   uses  cus tomized   r e a c t i v e   1on  mode  e t c h i n g   which  Invo lves   h i g h e r  

p r e s s u r e s   to  c i r cumven t   the  sur face   damage  and  etch  r a te   problems  o u t -  

l ined   1n  the  H c V i t t l e ,   et  a l .   a r t i c l e   at  page  552.  This  cus tomized   mode 

of  e t c h i n g   combined  with  the  r e a c t i v e   gas  c h e m i s t r y   are  r e q u i r e d   t o  

o b t a i n   the  d e s i r e d   r e s u l t s .   The  NF3  of  the  plasma  a tmosphe re   of  t h e  

p r e s e n t   I n v e n t i o n   p rov ides   the  rapid  etch  ra te   r e q u i r e d   and  the  h i g h  

s i l i c o n   over  s i l i c o n   d iox ide   s e l e c t i v i t y   r e q u i r e d   to  minimize  mask  e r o -  

sion  and  etch  u n d e r c u t .   This  c o n t r a s t s   with  SFfe,  which  t y p i c a l l y   has  

lower  etch  r a t e s   and  s e l e c t i v l t i e s .   The  h a l o f l u o r o c a r b o n   gas  component  

of  the  p r e s e n t   I n v e n t i o n ' s   a tmosphere  is  l i m i t e d   to  those   gases  h a v i n g  

only  one  carbon  atom  and  at  l e a s t   one  halogen  atom  o the r   than  f l u o r i n e  

in  order   t h a t   the  h a l o f l u o r o c a r b o n   gas  r e s u l t s   1n  the  f o r m a t i o n   of  a 

t e n a c i o u s   p a s s i v a t i n g   polymer  obta ined  through  a  d i f   l u o r o c a r b e n e   mech- 

anism  which  is  deemed  n e c e s s a r y   for  a n i s o t r o p y   observed   in  the  method  o f  

the  p r e s e n t   I n v e n t i o n   under  r e a c t i v e   ion  mode  plasma.  e t c h i n g .   It  has  

been  found  t h a t   t h i s   gaseous  e tching  a tmosphere   when  used  on  a  s i n g l e  

c r y s t a l   s i l i c o n   s u b s t r a t e   with  an  a p e r t u r e d   mask  of  p r e f e r a b l y   s i l i c o n  

d i o x i d e ,   or  a l t e r n a t i v e l y ,   s i l i c o n   n i t r i d e ,   p r o v i d e s   the  c a p a b i l i t y   o f  

a n i s o t r o p i c   deep  t r ench   e t ch ing   wherein  the  t r e n c h   may  be  e tched  to  a 

depth  of  3-15  microns .   The  etch  medium  may  u t i l i z e   an  I n e r t   c a r r i e r   g a s ,  

such  as  a rgon,   k ryp ton ,   helium  or  neon.  P r e f e r a b l y ,   the  n i t r o g e n   t r l -  

f l u o r l d e   and  the  h a l o f l u o r o c a r b o n   compound  are  used  in  a  r a t i o   of  1 : 2  

n i t r o g e n   t r l f l u o r l d e   per  1:3  of  the  h a l o f l u o r o c a r b o n   in  the  etch  a t m o -  

sphe re .   The  etch  1s  u s u a l l y   performed  at  a  high  speed  at  the  range  of  a t  

l e a s t   0.1  microns  per  minute  up  to  2.0  microns  per  minute .   The  power  o f  

the  etch  system  is  1n  the  range  of  500-2000  wat ts   using  a  f requency   o f  

1-50  MHz.  The  flow  ra te   of  the  e t chan t   a tmosphere   through  the  e t c h i n g  

zone  1s.  in  the  range  of  10-100  s tandard   cubic  c e n t i m e t e r s   per  m i n u t e  

(SCCM).  The  p r e s s u r e   1n  the  e tching  zone  is  m a i n t a i n e d   in  a  vacuum  c o n -  

d i t i o n   of  0.01-1  TORR.  The  e l e c t r o d e   t e m p e r a t u r e   of  the  e t ch ing   zone 

a p p a r a t u s   1s  ma in t a ined   in  the  range  of  15-25 'C.   The  e t c h i n g   t e c h n i q u e ,  

a l t h o u g h   g e n e r i c a l l y   r e f e r r e d   to  as  plasma  e t c h i n g ,   is  more  s p e c i f i c a l l y  

a  r e a c t i v e   ion  mode  of  e t ch ing   using  a  plasma.  The  r e a c t i v e   Ion  mode  i s  

d i f f e r e n t i a t e d   by  the  r equ i rement   tha t   the  s u b s t r a t e   be  mounted  on  t h e  
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powered  e l e c t r o d e .   R e a c t i v e   ion  mode  1s  n e c e s s a r y   to  a c h i e v e   the  a n i s o -  

t r o p i c   r e s u l t s   d e s i r e d   fo r   deep  t r ench   e t c h i n g .  

A  compar i son   of  the   p r i o r   a r t   s u l f u r   h e x a f l u o r l d e   systems  with  t h e  

sys tem  of  the   p r e s e n t   I n v e n t i o n   1s  se t   f o r t h   In  Table  1.  As  can  be  s e e n ,  

the  e tch  r a t e s   of  the  p r e s e n t   I n v e n t i o n   are  commensurate  with  those   o f  

the   p r i o r   a r t   whi le   m a i n t a i n i n g   s i m i l a r   e tch  dep ths ,   but  e n t i r e l y  

a v o i d i n g   the  u n d e r c u t   which  1s  p a r t i c u l a r l y   d i f f i c u l t   to  avoid  1n  d e e p  

t r e n c h   e t c h i n g .   The  s u l f u r   h e x a f l u o r l d e   runs  are  r e p o r t e d   from  t h e  

H c V i t t l e ,   et  a l .   a r t i c l e   c i t e d   a b o v e .  

T A B L E   1 

1 5  

COMPARISON  OF  RESULTS 

Etch  Etch  J 

Sas  Mixture   Rate  '  '  "  '  Depth  Undercut  R e f .  
(um/min)  (ym)  (um) 

C2F5C1-SF6  0.51  - 6 .0   *  H c V i t t l e ,   et  a l .  

CF3Br-SF6  0.51  - 6 . 0   0.35  H c V i t t l e ,   et  a l .  

CFC13-SF6  0 .26  - 6 .0   *  H c V i t t l e ,   et  a l .  

CF2C12-SF6  0 .16  - 6 .0   *  H c V i t t l e ,   et  a l .  

65%CF3C1-NF3  0 .40  4.0  0*  P r e s e n t   I n v e n t i o n  

5054CF2C12-NF3  0 .50  5.0  0*  P r e s e n t   I n v e n t i o n  

40%CF3Br-NF3  .  0.60  6.0  0*  P r e s e n t   I n v e n t i o n  

*  Values  were  not  r e p o r t e d ,   but  pho tomic rographs   show  s i m i l a r   u n d e r c u t t i n g .  

*  Values  are  a c c u r a t e   to  l e s s   than  0.1  ym  d e v i a t i o n .  

2 0  

2 5  

3 0  

3 5  
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With  r e f e r e n c e   to  FIG  1,  a  d e s c r i p t i o n   of  the  system  for  p e r f o r m i n g  

deep  t r ench   e t ch ing   with  plasma  e t c h a n t s   of  the  p r e s e n t   Inven t ion   w i l l  

now  be  d e s c r i b e d .   NF„  1s  s t o r e d   In  a  gas  c o n t a i n m e n t   10  for  a d m i x t u r e  

with  a  h a l o f l u o r o c a r b o n   c o n t a i n e d   1n  c o n t a i n m e n t   12.  The  m a t e r i a l s   1n 
5  the  gaseous  s t a t e   are  b lended  1n  mani fo ld   14  and  I n t roduced   at  a p p r o -  

p r i a t e   flow  ra te   Into  the  e t c h i n g   zone  16  where in   two  p a r a l l e l   p l a t e  

e l e c t r o d e s   18  and  20  are  s i t u a t e d .   The  s i l i c o n   d iox ide   or  s i l i c o n  

n i t r i d e   a p e r t u r e d   m a s k / s i n g l e   c r y s t a l   s i l i c o n   22  which  1s  to  be  d e e p  

t r ench   etched  1s  mounted  on  the  powered  e l e c t r o d e   18  and  an  RF  c u r r e n t   a t  
10  the  a p p r o p r i a t e   power  and  f r e q u e n c y   1s  p rov ided   from  source  24.  The  gas  

mix tu re   of  NF3  and  h a l o f l u o r o c a r b o n   1n  c o n j u n c t i o n   with  an  o p t i o n a l  

I n e r t   c a r r i e r   gas  flows  th rough   the  e t c h i n g   zone  16  and  produces  a  p l a sma  

1n  c o n j u n c t i o n   with  the  c u r r e n t   p o t e n t i a l   between  the  e l e c t r o d e s   18 

and  20.  The  e l e c t r i c   p o t e n t i a l   Induces   Ions  from  the  c r ea t ed   plasma  t o  
15  etch  the  a p p r o p r i a t e   deep  t r e n c h   In  the  s i n g l e   c r y s t a l   s i l i c o n   1n  t h e  

p a t t e r n   provided  by  the  a p e r t u r e d   mask.—-  E tch ing   b y - p r o d u c t s ,   p l a sma  

m a t e r i a l   and  excess  e t ch ing   a tmosphe re   are  removed  through  a  vacuum  e x -  

haust   system  26.  The  e n t i r e   system  1s  a l so   m a i n t a i n e d   under  a  vacuum. 

FIG  2  I l l u s t r a t e s   an  e tched   s i l i c o n   s u b s t r a t e   102  with  Its  o v e r -  
20  

ly ing  mask  100.  The  d imension  by  which  the  t r ench   recedes  back  from  t h e  

lower  I n t e r f a c e   and  edge  of  the  mask  a p e r t u r e   1s  r e f e r r e d   to  as  u n d e r c u t  

and  1s  I d e n t i f i e d   by  the  l e t t e r   "U".  Undercut   1s  an  u n d e s l r e a b l e   r e s u l t  

of  e t c h i n g   with  less   than  a n i s o t r o p i c   p r o c e d u r e s .   It  r e s u l t s   In  l o s t  

p a t t e r n   d e f i n i t i o n .   Bowing  1s  shown  as  the  v a r i a t i o n   1n  the  t r ench   s i d e -  
25  wall  from  a b s o l u t e   v e r t i c a l .   I t   is  i d e n t i f i e d   as  the  l e t t e r   "B".  It  1s 

a l so   u n d e s l r e a b l e   and  i n t e r f e r e s   with  CVD  p r o c e s s i n g .  

FIG  3  i l l u s t r a t e s   the  s i n g l e   c r y s t a l   s i l i c o n   102  used  1n  the  p r e s e n t  

i n v e n t i o n   which  is  masked  with  the  p r e f e r r e d   s i l i c o n   d ioxide   mask  100  1n 

a  t h i c k n e s s   of  a p p r o x i m a t e l y   1  micron  p r io r   to  e t ch ing   with  the  p r o c e s s  
30  of  the  p r e sen t   I n v e n t i o n .   It  shows  an  a p e r t u r e   104  with  edge  106.  In  

c o n t r a s t ,   FIG  4  shows  the  deep  t r ench   etch  110  In  the  s u b s t r a t e   102  u s i n g  

the  p r e f e r r e d   e t c h a n t s   of  the  p r e s e n t   i n v e n t i o n   wherein  the  a p e r t u r e   o f  

the  s i l i c o n   d iox ide   mask  is  r e l a t i v e l y   i n t a c t   with  good  edges  106  and  t h e  

deep  t r ench   p r o f i l e   108,  which  Is  a p p r o x i m a t e l y   4  microns  deep,  shows 
3 5  

2 0  
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e s s e n t i a l l y   no  u n d e r c u t t i n g   and  e s s e n t i a l l y   no  bowing,  such  as  1s 

r e q u i r e d   1n  the  f a b r i c a t i o n   s p e c i f i c a t i o n s   of  advanced  s e m i c o n d u c t o r  

d e v i c e   s t r u c t u r e s .  

Such  a n i s o t r o p i c   deep  t r ench   e t c h i n g   1s  e x p e r i e n c e d   only  1n  the  p r e -  

c i s i o n   f a b r i c a t i o n   manner  d e s c r i b e d   above  when  s i n g l e   c r y s t a l   s i l i c o n   1s  

u t i l i z e d   with  e i t h e r   s i l i c o n   d i o x i d e   or  s i l i c o n   n i t r i d e   masks.  As  I l l u s -  

t r a t e d   in  FIG  5,  showing  a  graph  of  the  etch  r a t e s   for  ano the r   e t c h  

medium,  carbon   t e t r a f l u o r l d e ,   a l t e r n a t e   s u b s t r a t e s   such  as  p o l y s i l l c o n  

are  known  to  e tch   at  a  much  h igher   r a t e   than  s i n g l e   c r y s t a l   s i l i c o n .  

T h e r e f o r e ,   s e l e c t i v i t y   of  s i l i c o n   over  s i l i c o n   d i o x i d e   would  be  e x p e c t e d  

to  be  lower  when  using  s i n g l e   c r y s t a l   s i l i c o n   and  a p e r t u r e   mask  e r o s i o n  

more  p r o b a b l e .   This  Is  d e t r i m e n t a l   for  deep  t r e n c h   e t c h i n g ,   except   w i t h  

the  u n e x p e c t e d   r e s u l t s   of  the  p r e s e n t   I n v e n t i o n .  

The  e f f e c t s   of  the  masking  m a t e r i a l   are  shown  by  comparison  of  FIG  6 

and  FIG  7  which  are  a c t u a l   p h o t o m i c r o g r a p h s   of  e t c h i n g   of  s i n g l e   c r y s t a l  

s i l i c o n   with  the  etch  mediums  _of_ibe  . p r e sen t   . i n v e n t l o n - w h e r e i n '   the  @  - 

e t c h i n g   c o n d i t i o n s   c o n s t i t u t e d   30%  CFgCl,  15%  NFg  1n  argon  at  1000 

w a t t s   c a t h o d e   mounted  at  135  m i l l i t o r r   and  20  SCCH  etch  r a t e .   FIG  6 

shows  t h a t   p h o t o r e s i s t   as  a  masking  agent  over  the  s i n g l e   c r y s t a l   s i l i c o n  

r e s u l t s   1n  s u b s t a n t i a l   loss   of  edge  p a t t e r n   in  the  a p e r t u r e   of  the  mask 

and  r e s u l t i n g   d e g r a d a t i o n   in  the  v e r t i c a l   p r o f i l e   of  the  t r e n c h .   I n  

c o n t r a s t ,   FIG  7  shows  t h a t   a  s i l i c o n   d iox ide   mask  over  a  s i ng l e   c r y s t a l  

s i l i c o n   s u b s t r a t e   does  not  erode  under  r e a c t i v e   ion  mode  plasma  e t c h i n g  

c o n d i t i o n s   to  a  s i g n i f i c a n t   deg ree ,   l eav ing   a  s u b s t a n t i a l l y   or  e s s e n -  

t i a l l y   v e r t i c a l   s i d e w a l l   to  the  t r ench   produced  by  r e a c t i v e   1on  mode 

plasma  e t c h i n g   1n  the  s i n g l e   c r y s t a l   s i l i c o n   s u b s t r a t e .   It  1s  a lso   o f  

i n t e r e s t   to  note   t h a t   the  t h i c k n e s s   of  masking  agen t   has  been  s i g -  

n i f i c a n t l y   e roded   in  the  p h o t o r e s i s t   mask  example  of  FIG  6,  while  t h e  

dep th   of.  s i l i c o n   d i o x i d e   mask  remains  I n t a c t   in  the  example  i l l u s t r a t e d  

1n  FIG  7 .  

The  s u b s t a n t i a l l y   or  e s s e n t i a l l y   v e r t i c a l   s i d e w a l l   which  means 

e s s e n t i a l l y   no  u n d e r c u t   or  bowing  Is  def ined  as  l e s s   than  0.1  m ic ron  

d e v i a t i o n   from  an  a b s o l u t e   v e r t i c a l   s idewal l   and  f l u sh   meeting  of  t h e  

mask  edge  and  the  s u b s t r a t e   edge  at  the  m a s k - s u b s t r a t e   I n t e r f a c e .  

FIG  8  is  a  p h o t o m i c r o g r a p h   of  the  c r o s s - s e c t i o n   of  a  deep  t r e n c h  

e tch   of  s i n g l e   c r y s t a l   s i l i c o n   with  an  a p e r t u r e d   mask  of  s i l i c o n   d i o x i d e  
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using  a  plasma  e t c h i n g   a tmosphere   of  10%  argon*  30%  NF  ̂ and  60%  CFgCl.  
This  deep  t r ench   using  the  p rocess   of  the  p r e s e n t   I n v e n t i o n   was  a c h i e v e d  

under  the  c o n d i t i o n s   of  the  f o l l o w i n g   e x a m p l e .  

WORKING  EXAMPLE 

The  wafer  samples  of  s i n g l e   c r y s t a l   s i l i c o n   p a t t e r n e d   with  an  

a p e r t u r e d   mask  of  one  micron  t h i ck   t h e r m a l l y   grown  s i l i c o n   d iox ide   w e r e  

p laced   on  the  r e a c t o r   c a t h o d e .   The  p a r a l l e l   p l a t e   e t c h i n g   chamber  was 

then  c losed   and  evacua ted   to  0.001  t o r r .   The  gases  were  then  I n d e p e n -  

d e n t l y   metered  Into  a  mixing  mani fo ld   and  then  passed  Into  the  p l a sma  

r e a c t o r .   Gas  f l o w r a t e s   were  12,  6  and  2  SCCM  for  CFgCl,  NF3  and 

a rgon ,   r e s p e c t i v e l y .   These  flows  r e p r e s e n t e d   a  gas  mix ture   c o n s i s t i n g   o f  

60%  CFgCl,  30%  NF3  and  10%  a rgon .   The  r e a c t o r   was  a l lowed  to  e q u i l -  

i b r a t e   to  a  c o n s t a n t   p r e s s u r e   of  0.140  t o r r .   The  e l e c t r o d e   t e m p e r a t u r e s  

were  ma in t a ined   c o n s t a n t   at  17°C.  Power  was  then  a p p l i e d   to  the  c a t h o d e  

e l e c t r o d e   in  the  amount  of  1000  wat ts   and  a  plasma  ambient  was  c r e a t e d  

for  r e a c t i v e   ion  e t c h i n g .   The  e t c h i n g   process   con t inued   for  10  m i n u t e s  

at  which  time  the  power  was  tu rned   o f f .   The  flow  of  gases  was  t h e n  

s t opped ,   the  chamber  was  e v a c u a t e d ,   f i l l e d   with  n i t r o g e n   to  one  a t m o -  

sphere   and  the  wafers   of  e tched   s i n g l e   c r y s t a l   s i l i c o n   were  removed.  

The  a n i s o t r o p y   and  etch  r a t e   were  then  de te rmined   using  scanning  e l e c t r o n  

mic roscopy .   The  r e s u l t   from  the  e x p e r i m e n t ,   shown  1n  Figure   8,  was  a 

deep,  comple t e ly   a n i s o t r o p i c   t r ench   In  s i ng l e   c r y s t a l   s i l i c o n   ob t a ined   a t  

an  etch  ra te   of  0.4  micron  per  m i n u t e .  

S i m i l a r   exper imen t s   were  pe r fo rmed ,   changing  only  the  h a l o f l u o r o -  

carbon  and  the  gas  c o m p o s i t i o n ,   using  CF2C12  and  CFgBr  with  s i m i l a r  

e x p e r i m e n t a l   r e s u l t s   a c h i e v e d ,   as  i d e n t i f i e d   1n  Table  1  a b o v e .  

As  i d e n t i f i e d   above,  the  p rocess   of  the  p re sen t   I nven t ion   u s i n g  

n i t r o g e n   t r l f l u o r l d e   and  h a l o f l u o r o c a r b o n   plasma  e t c h a n t s   In  an  a t m o -  

sphere   to  etch  s i n g l e   c r y s t a l   s i l i c o n   through  a  s i l i c o n   d iox ide   o r  

s i l i c o n   n i t r i d e   a p e r t u r e d   mask  1s  e f f e c t i v e   for  producing  a n i s o t r o p i c  

deep  t r ench   e tches   of  a  depth  and  p r o f i l e   p r e v i o u s l y   d i f f i c u l t   to  p r o -  
duce.  These  deep  t r e n c h e s   have  e s s e n t i a l l y   a n i s o t r o p i c   p r o f i l e   w h e r e i n  

t h e r e   is  no  u n d e r c u t t i n g   and  no  bowing.  In  c o n t r a s t   to  the  p r io r   a r t  

which  used  s u l f u r   h e x a f l u o r l d e   or  n i t r o g e n   t r l f l u o r l d e   and  v a r i o u s  



h a l o f l u o r o c a r b o n s   wi th   p h o t o r e s i s t   mask  1n  p o l y s i l l c o n   at  normal  e t c h  

d e p t h s   for   c i r c u i t   p a t t e r n s   of  0.30  mic rons ,   the  r e q u i r e m e n t s   of  d e e p  

t r e n c h   e t c h i n g   a g g r a v a t e   a l l   pa rame te r s   of  high  speed ,   high  p r e c i s i o n ,  

a n i s o t r o p i c   e t c h   f a b r i c a t i o n .   It  has  been  shown  t h a t   p o l y s l H c o n   e t c h e s  

1n  the  d i s t i n c t l y   d i f f e r e n t   manner  than  the  s i n g l e   c r y s t a l   s i l i c o n   and  

p a r t i c u l a r l y   at  a  much  h igher   etch  ra te   which  1s  a  c o n d i t i o n   which  would 

a g g r a v a t e   a n i s o t r o p i c   e t c h i n g   over  the  p e r i o d s   n e c e s s a r y   to  develop  3 -15  

micron   deep  t r e n c h e s .   It  has  a lso  been  shown  t h a t   the  po lymer ic   p h o t o -  

r e s i s t   masks  u t i l i z e d   by  the  p r io r   a r t   do  not  have  a  s u f f i c i e n t   s e l e c -  

t i v i t y   wi th   r e g a r d   to  t h e i r   s u b s t r a t e   to  endure  the  r i g o r o u s   c o n d i t i o n s  

of  deep  t r e n c h   e t c h i n g .   It  has  been  s u r p r i s i n g l y   found  by  the  p r e s e n t  

I n v e n t o r s   t h a t   a  un ique   s o l u t i o n   to  the  problem  of  deep  t r ench   e t c h i n g   t o  

a r r i v e   at  a n i s o t r o p i c   p r o f i l e   1s  de r ived   by  the  use  of  n i t r o g e n   t r l -  

f l u o r l d e ,   which  has  an  ex t r eme ly   high  etch  r a t e ,   with  va r ious   h a l o -  

f l u o r o c a r b o n s   in  a  high  p r e s s u r e   r e a c t i v e   1on  mode  e tch   p r o c e s s .   The 

novel  p r o c e s s   has  high  an1sotrop1c:   c h a r a c t e r 1 s t i c s ,   us ing  a  r e l a t i v e l y  

i n e r t   s i l i c o n   d i o x i d e   mask  on  a  s i n g l e   c r y s t a l   s i l i c o n   s u b s t r a t e .   The 

s i l i c o n   d i o x i d e   and  the  s i n g l e   c r y s t a l   s i l i c o n   e x h i b i t   the  a p p r o p r i a t e l y  

n e c e s s a r y ,   h i g h l y   s e l e c t i v e   etch  d i f f e r e n t i a l   for  the  chosen  etch  medium 

to  p roduce   an  a n i s o t r o p i c   deep  t r ench   etch  a p p r o p r i a t e   fo r   c i r c u i t   i s o -  

l a t i o n   t e c h n o l o g y ,   c a p a c i t o r   fo rmat ion   or  e l e c t r o n i c   component  l o c a t i o n  

deemed  n e c e s s a r y   for   the  advancing  m i n i a t u r i z a t i o n   1n  s emiconduc to r   and 

m i c r o e l e c t r o n i c   f a b r i c a t i o n .   Only  t h i s   unique  c o m b i n a t i o n   of  e t c h a n t  

m i x t u r e s ,   a p e r t u r e d   mask,  s i l i c o n   s u b s t r a t e   and  high  p r e s s u r e   r e a c t i v e  

ion  mode  e tch   p r o v i d e s   the  unique  s o l u t i o n   to  the  deep  t r ench   e t c h i n g  

p r o b l e m .  

The  p r e s e n t   i n v e n t i o n   minimizes  any  u n d e r c u t .   At  s i m i l a r   mag- 
n i f i c a t i o n s   of  s i m i l a r   t r ench   depths  to  H c V i t t l e ,   et  a l . ,   the  p h o t o -  

m i c r o g r a p h s   of  the   p r e s e n t   i n v e n t i o n   show  e s s e n t i a l l y   no  unde rcu t ,   w h i l e  

the  H c V i t t l e ,   et  a l .   pho tomic rog raphs   show  v i s i b l e   u n d e r c u t ,   which  in  a t  

l e a s t   one  case  was  i d e n t i f i e d   by  i t s   au thor   as  being  of  the  dimension  o f  

0.35  m i c r o n s .  

Al though   the  p r e s e n t   I nven t i on   has  been  d e s c r i b e d   with  r e f e r e n c e   t o  

a  p r e f e r r e d   embodiment ,   the  scope  of  the  I n v e n t i o n   should  not  be  l i m i t e d  

to  t h a t   embodiment ,   but  r a t h e r   should  be  a s c e r t a i n e d   from  the  c l a i m s  

which  f o l l o w :  
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CLAIMS 

1.  A  p rocess   for  high  speed,   a n l s o t r o p l c a l l y ,   r e a c t i v e   1on  mode 

plasma  e t c h i n g   of  s ing le   c r y s t a l   s i l i c o n   t h r o u g h   an  a p e r t u r e d   mask  t o  

produce   a  deep  t r ench   with  e s s e n t i a l l y   v e r t i c a l   s l d e w a l l s   compr i s ing   t h e  

s t eps   o f :  

(a)  p rov id ing   a  s i n g l e   c r y s t a l   s i l i c o n   s u b s t r a t e   with  an 

a p e r t u r e d   mask  s e l e c t e d   from  the  group  c o n s i s t i n g   of  s i l i c o n   d i o x i d e  

and  s i l i c o n   n i t r i d e ;  

(b)  exposing  said  s u b s t r a t e   to  an  a tmosphere   of  n i t r o g e n   t r l -  

f l u o r l d e   (NFg)  and  a  h a l o f l u o r o c a r b o n   (HFC)  compound  c o n t a i n i n g  

only  one  carbon  atom  1n  a  r a t i o   of  1  to  2  NF3:1  to  3  HFC  1n  an 

e t c h i n g   zone;  and 

(c)  g e n e r a t i n g   a  plasma  with  the  a tmosphere   and  a n l s o t r o p -  

I c a l l y   r e a c t i v e   1on  e t ch ing   said  s u b s t r a t e   by  d i r e c t i n g   1ons  f rom 

said  plasma  through  the  a p e r t u r e s   of  said  mask  Into  the  s i n g l e  

c r y s t a l   s i l i c o n   s u b s t r a t e ,   where in   the  e t c h i n g   1s  performed  at  a 

high  speed  1n  the  range  of  at  l e a s t   0.1  micron  per  minute  using  a 

power  of  500-2000  wat ts   and  a  f r e q u e n c y   of  1-50  MHz  to  produce  a 

deep  t r ench   In  said  s u b s t r a t e   having  a  v e r t i c a l   depth  1n  the  r a n g e  

of  3-15  microns  and  e s s e n t i a l l y   v e r t i c a l   s l d e w a l l s ,   e s s e n t i a l l y   no 

u n d e r c u t t i n g   of  said  mask  and  e s s e n t i a l l y   no  bowing  In  the  t r e n c h .  

2.  The  process   of  Claim  1  where in   the  h a l o f l u o r o c a r b o n   Is  s e l e c t e d  

from  the  group  c o n s i s t i n g   of  CFgCl,  CFgClg,  CFgBr,  CFgl,  CF2Br2,  C F ^ ,  

CF3C1H  and  CClgFH. 

3.  The  process   of  Claim  1  where in   the  a tmosphere   comprises   NF3 
and  CFgCl.  

4.  The  process   of  Claim  1  wherein   the  e t c h i n g   zone  during  t h e  

e t c h i n g   1s  ma in ta ined   at  a  p r e s s u r e   of  g r e a t e r   than  0.1  and  up  to  1 . 0  

TORR. 
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5.  The  p rocess   of  Claim  1  whe re in   the  a p e r t u r e d   mask  1s  S102- 

6.  The  p rocess   of  Claim  1  whe re in   the  flow  of  the  a tmosphere   1n 

the  e t c h i n g   zone  1s  10-100  SCCH. 

7.  The  p rocess   of  Claim  1  whe re in   the  etch  zone  Inc ludes   s p a c e d  

e l e c t r o d e s   which  are  m a i n t a i n e d   at  a  t e m p e r a t u r e   of  15 -25°C .  

8.  The  p rocess   of  Claim  1  whe re in   said  a tmosphere   Inc ludes   a 

d i l u e n t   gas  s e l e c t e d   from  the  group  c o n s i s t i n g   of  argon,   k ryp ton ,   h e l i u m  

or  n e o n .  

6868C-AD210 
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